Abstract: Bariatric surgery is the most efficiant treatment for obesity and commorbidities. This teatment modality is the most potent for weight reduction with long-term weight maintenance and positive metabolic effects. The effect on weight loss and possible side effect depends of type of surgery. Micro and macronutrient deficiences can occur after malapsorptive procedures. Iron deficiency ocurrs in almost half of patients following RYGB (Roux-en-Y gastric bypass). The main causes of iron deficiency are insuficient meat ingestion and lack of hydrochloric acid after removal of pylorus. B12 deficiency occured 6 months after RYGB in patients with oral supplementacion of B12. Bone turnover increased three months after RYGB, and the levels of bone turnover markers increased 200% in next 12-18 months. Impaired vitamin D absorption leads to decreased calcium absorption and secondary hyperparathyroidism with lower bone mineral density. After the bariatric surgery, testosteron level becomes higher and all sexual quality indicators improving. Malapsorptive procedures with nutritive deficiency can cause oligo-astenozooteratospermia and male infertility. Due to the same reason pregnancy is not recommended in the first year bariatric surgery. Possible side effect of pregnancy within 12 months after surgery is fetal growth retardation. There is twice higher incidence for developing alcohol or other addition after bariatric surgery then in 1 Clinic for endocrinology, diabetes and metabolic diseases, , Clinical Center of Serbia,
non operated obese patients. The frequency of depressive episodes and suicide attempt is higher after bariatric surgery.
Key words: anaemia and bariatric surgery, bone and bariatric surgery, fertility and bariatric surgery, addiction and bariatric surgery Surgical treatment of obesity is the most effective form of treatment with the greatest impact on weight loss, improvement of metabolic disorders, reduction of comorbidity and the highest sustainability of the achieved results. The type of surgery determines the degree of efficacy and possible side effects after surgical treatment. Certain procedures lead to significantly reduced absorption of both macro and micronutrients, which together can lead to the deficiency of certain nutrients needed, and ultimately to the state of severe malnutrition (1).
Laparoscopic Sleeve gastrectomy (LSG). The American Society for Bariatric and Metabolic Surgery proposes LSG as a first step in the surgical treatment of highrisk, extremely obese patients, because this operation achieves a similar effect on weight loss as with malabsorptive surgery, and the incidence of complications is lower (2) . Although the LSG is a restrictive procedure, due to the removal of the stomach fundus, the production of orexigenic hormones is significantly reduced, which affects the reduction of hunger and contributes to weight loss. Removing the greater part of the pylorus during this operation, due to the loss of hydrochloric acid originating from the parietal pylori cells, causes a decrease in the absorption of vitamin B12, but also iron and calcium (3) .
Bilopancreatic diversion (BPD) and its subsequent modification, bilopancreatic diversion with a duodenal switch (BPD / DS), are combined, restrictive-malapsorptive procedures characterized by a significantly reduced energy intake with a deficit of proteins, vitamins and minerals (4) .
Although obesity is caused by increased energy intake compared to needs, in obese people numerous deficiencies of micronutrients are found, and most often vitamin D deficiency, vitamin B group, folate, iron and calcium. Excessive intake of high calorie foods with less nutritional value causes increased consumption of nonenzymatic antioxidants in obese people and increased oxidative stress (5).
Anaemia following bariatric surgery
Inadequate nutritional content of foods in obese people is one of the reasons for the lack of iron, folate and vitamin B12 even before surgery. Another reason is low grade systemic inflammation in obesity that reduces iron absorption and increases the level of hepcidin, a key regulator for the entry of iron into the circulation (6) . Lowered ferritin levels are observed for 6 months after RYGB. Low levels of ferritin with normal serum iron levels indicate reduced iron reserves in the body. Lower levels of iron after surgical treatment of obesity appear in 20-50% of the operative and may be due to lack of the meat in diet or gastric acid deficiency due to the removal of the pylorus or the duodenum overlap. Anemia is seen for 6 months to 3 years after surgery and is more common in women.
Insufficient amount of vitamin B12, if it had not already existed too far, in large numbers develops after 6 months of surgery. Over 30% of patients do not have enough B12 vitamins a year after RYGB, and over 60% after 2 years of surgery if they were only on oral substitution (7) . The lack of folate occurs less often because folate is absorbed along the entire ileum and can lead to their deficiency mainly due to a reduced amount of food intake. Patients who do not have a good response to oral iron replacement should be treated with parenteral preparations. In such patients it is necessary to check the volume of erythrocytes and the response of the reticulocytes. In the case of persistent anemia and cytopenia after the replacement of the oligoelements, it is necessary to do a biopsy of the bone marrow (8, 9) .
Bone loss after bariatric surgery
Bariatric procedures can lead to decrease in bone mineral density (BMD). Several different mechanisms can affect the loss of bone mass, starting from relieving skeletons due to lower body weight and less resistance to movement, to changes in the hormone concentration that affect bone metabolism. The absorptive surface is reduced in mixed (RYGB and BPD/ DS) procedures, which also means reduced absorption of minerals and liposoluble vitamins.
In obese individuals bone metabolism is often damaged due to the lower bioavailability of D vitamin. Lower level of vitamin D in obesity occurs due to the accumulation of D vitamins in fat tissue depots, less exposure to the sun, due to non-alcoholic statohepatitis and low-grade systemic inflammation. Osteoblasts and adipocytes originate from the same mesenchymal cell. Higher content of adipocytes in the bone marrow in obese people is associated with lower mineral bone density. Visceral obesity has a negative impact on BMD, and the subcutaneous fat tissue acts protective on the bone density. Obese women have a higher level of leptin, PTH, a fibroblast growth factor (FGF-23) and a lower level of 1,25 dihydroxy of vitamin D in relation to normally weight women (10) . After adjusting the adjustable gastric band (LAGB-Laparoscopic Adjustable Gastric Banding), the level of vitamin D or PTH is not changed, and the level of leptin and estrogen decreases. By measuring C-telopeptide (CTX), increased bone degradation is observed six months after intervention, which does not change for the next two years (11) . The number of studies that investigated bone metabolism after the LSG was insufficient to assess the impact of this procedure on BMD (12) .
The first three months after RYGB accelerates bone metabolism, and the level of bone markers increases up to 200% over the next year and a half. One study showed that osteocalcin and bone-specific alkaline phosphatase (BSAP) remained elevated 10 years after RYGB compared to the control group (13). After bariatric surgery followed by malabsorption of liposoluble vitamins, the previous insufficiency may translate into vitamin D deficiency, which reduces calcium resorption and leads to an increase in parathyroid hormone levels (PTH) (14) . Unrecognized and untreated secondary hyperparathyroidism increases the risk of osteopenia and osteoporosis, and hypocalcaemia due to vitamin D deficiency aggravates the defect of mineralization and accelerates the occurrence of osteomalacia (15) .
Studies have shown that the postoperative level of vitamin D does not change even after the recommended reimbursement of 5000 IU of vitamin D daily, although there is insufficient data regarding the compliance for supplementation intake (16) . After the most potent bariatric surgery BPD/DS, more than half of patients have a vitamin D deficiency and secondary hyperparathyroidism. Most patients undergoing BPD/DS have damaged bone mineralization, which is reflected in the decrease in the mineral density of the lumbar spines 4-10 years after this operation. In most patients, after four years and achieving weight stabilization, an increase in bone build-up was observed. It is assumed that the initial reduction in BMD is due to the relaxation of the skeleton by decreasing the body weight, and that the effect is lost after adjusting to the new body mass. Bone biopsy four years after BPD / DS obtained data on the reduction in the bone cortical thickness while the trabecular bone remained unchanged (13) .
Bone quality after bariatric surgery is affected by the change in intestinal hormones. Namely, the level of PYY negatively affects the activity of osteoblasts. It is known that the level of GLP-1 and greens also affects bone metabolism, but for now there is no evidence that the change in levels of these hormones contributes to a decrease in MKG and a higher risk of bone fracture. A lower level of insulin and amylin after surgical treatment of obesity increases the osteoclastic, and reduces osteoblastic activity (17) . Decrease in muscle mass, apart from scattering of the skeleton, can contribute to a greater tendency to fall (18) .
Most guidelines for the replacement of D vitamins after bariatric surgery recommend a dose of 800IU which proved to be insufficient after RYGB. A study of 45 subjects showed a significantly higher rise in vitamin D levels and normalization of PTH levels in patients who took 2000 IU and 2000 mg of calcium compared to a group that was substituted with a dose of 800 IU. A further increase in the dose of vitamin D increases serum calcium and requires further studies involving the measurement of calcium in 24h urine for more accurate determination of the compensation dose, without increasing the risk of stone formation in the kidneys and urinary tract (19) . Calcium-citrate is advised, because, unlike calcium carbonate, it provides an acidic environment that is ideal for calcium absorption. It is important that the calcium preparation is taken separately from the iron preparation (7) . Given that up to 600 mg of calcium is absorbed during one intake, it is recommended that the daily intake of 1500-2000 mg calcium is divided into several daily doses. Patients are advised to regularly monitor 25OH vitamin D, control 24-hour calciuria every 6 months, and after two years, once per year. Before surgery and two years after surgery, osteodenositometry should be performed (3) .
Adolescents, as a population that did not achieve maximal bone mass as well as postmenopausal women, are particularly sensitive categories in which the risk of a reduction in BMD after surgery must be carefully evaluated preoperatively and followed postoperatively (13) .
Reproductive disorders after bariatric surgery
The relationship between insulin resistance, metabolic syndrome, type 2 diabetes and acquired male hypogonadism is known. Changes in the hormone status include reduced levels of testosterone and sex hormone binding globulin (SHBG), elevated levels of estrogen, insulin, and leptin. Increasing weight for every 9kg increases the risk of men's infertility by 10% (20, 21) . After a significant reduction in body weight after bariatric surgery, the level of free testosterone increases and the level of estrogen, FSH and SHBG decrease. A better hormone response is achieved in younger men. It is assumed that the treatment of obesity by bariatric surgery removes epigenetic changes due to DNA methylation in obese men (22) . Apart from the beneficial effects of bariatric surgery on the level of androgen and improvements in the quality of sexual life, after malapsorptive surgery, due to nutrient deficiency, the quality of sperm can be impaired. Namely, a higher infertility rate has been observed after RYGB due to the onset of oligo-asthenoszoospermia and teratospermia. This fact should be taken into account when deciding on the type of bariatric surgery for younger men (23) .
Obesity effects almost every aspect of the reproductive life of women and coauses either metabolic or reproductive complications, or as technical problems such as difficulties in performing ultrasonographic examinations or surgery (24) . Obesity causes infertility through various mechanisms that include: damage to follicular development, changes in the quality and number of oocytes, fertilization and implantation (25) . Increased leptin, FSH and insulin relieves steroidogenesis, which increases the effect of LH on granulose cells, inhibiting further mitosis and differentiation in preovulatory follicles. The consequence of this activity is the discontinuation of further follicular growth, premature luteinization, oligo or anovulation, and menstrual cycle disorders (26) . The risk of anovulatory infertility increases with an increase in the body mass index as well as the risk of gestational diabetes, hypertension, preeclampsia, fetal growth retardation, fetal malformations, and dystocia. The incidence of spontaneous abortion is three times higher in obese women compared to normal ones (27, 28) .
Weight loss after the surgical treatment of obesity is so far the most efficient method for the treatment of PCOS which causes normalization of the menstrual cycle, regression of the symptoms of hyperandrogenism, restores of ovulation and increase reproductive ability (29) . After bariatric surgery, pregnant women are at lower risk of macrosomia and complications of pregnancy but they are more prone to anemia and newborn are at higher risk low birth weight in relation to gestational age (30) . Particular caution due to possible nutritional and mineral-vitamin deficiency in pregnant women is needed after RYGB. The first year after gastric bypass surgery is a sensitive period for the possible nutritional and mineral-vitamin deficiency that could affect the fetal growth in the case of conception in this period.
It is important that patients planning pregnancy taking the minerals and vitamins in preconception period. It is possible to deficit of fat-soluble vitamins A and D as well as vitamin B 12, thiamine, folate, iron, and calcium. Thiamine deficiency during intrauterine growth can cause Wernicke's encephalopathy.
After biliopancreatic diversion, fertility increases significantly, but nearly 30% of newborns have low birth weight. About a quarter of pregnancies started after BPD end with abortion but the percentage of macrosomia significantly decreases. It is recommended to postpone pregnancy after BPD until body weight stabilization (31) .
Psychological problems and cross-addiction after bariatric surgery
A possible mental problem after a period of rapid weight loss after bariatric surgery is the occurrence of cross-dependence or cross-addiction. After bariatric surgery, when excessive food intake is prevented, a higher alcohol intake rate, gambling addiction, uncontrolled shopping, starvation or binge eating, excessive exercise and increased sexual activity are observed (32) . Depression is much then five times frequent in the population with extreme obesity compared to normally weight persons. The reason for significantly higher incidence of depression in this population can be stigmatization by society and the existence of associated illnesses that significantly impair quality of life. Deactivation of inflammatory pathways and normalization of the hypothalamic-pituitary-adrenal axis significantly reduces the rate of depression and anxiety after bariatric surgery. On the other hand, the increase in body weight that usually occurs after two years of surgery again aggravates depression (33) . The occurrence of alcoholism within five years of RYGB is twice more frequent compared to patients after LAGB (34) . Metaanalysis published by Brazilian researchers has shown that the incidence of alcoholism after bariatric surgery ranges from 2 to 6.5%. In patients who consume alcohol after RYGB, more frequent episodes of hypoglycaemia due to gluconeogenesis suppression have been observed. These patients are susceptible to alcohol intoxication due to a higher percentage of alcohol absorption after anatomical modification in this operation. Most studies have shown that men are more susceptible to alcoholism after RYGB than women (35) . A study conducted in Sweden from 2001 to 2010 showed a higher incidence of excessive use of alcohol and psychotropic substances in obese women preparing for bariatric surgery compared to normal-weight women. After surgery, the risk of worsening depression continued to increase with both sexes. Suicide attempts were significantly more common after RYGB than in non-obese patients (36) . A sudden change in behavior followed by ophthalmoplegia and persistent vomiting was noted in the patient who was treated with RYGB after which he reduced body weight of 18 kg. It was found that the patient had Wernicke's encephalopathy due to the deficiency of thiamine that occurred after surgery, and was not adequately substituted. After parenteral administration of 500 mg of thiamine every 8 hours for three days, all symptoms were withdrawn (37) .
When making a decision on surgical treatment of obesity, the consent of a multidisciplinary consilium is required to assess the patient's suitability for this type of therapy. The readiness of a patient to continue with regular controls after further bariatric surgery and further treatment at the reference center for the treatment of obesity is necessary for successful weight loss and prevention of chronic side effects.
